Abstract: The present study aimed to assess the presence and level of colonization of Candida in patients with oral mucosal lesions, to determine the presence or absence of candidal hyphae in biopsy specimens and to correlate the degree of epithelial dysplasia with the number of colony-forming units of Candida. We performed a prospective study including 50 patients diagnosed as having oral potentially malignant and malignant disorders. These patients had lesions such as leukoplakia, lichen planus, lichenoid reaction, verrucous carcinoma and oral squamous cell carcinoma. An oral swish with 10 mL of normal saline was performed, and this was collected in a sterile plastic container. Candidal colony-forming units were assessed in the specimen. This was followed by a biopsy of the lesion, which was sent for histopathologic examination for dysplasia and severity, and to assess the presence or absence of candidal hyphae. The results of the present study revealed a correlation between higher Candida colonization and increasing severity of dysplasia. An effort was made to correlate Candida by histologic and mycologic means with epithelial dysplasia. If such a correlation is strongly established, then the importance of antimycotic therapy can be emphasized to avoid deterioration. (J Oral Sci 55, 157-160, 2013)
Introduction
Oropharyngeal candidiasis is the most common fungal infection affecting humans. The presence of Candida is almost universal, as it is frequently isolated from various mucosal surfaces in healthy individuals (1) . Symptomfree oral carriage of Candida organisms has been detected and a prevalence of 3 to 48% has been reported in the clinically normal mouths of healthy adults (2) .
In 1966, Cawson first suggested the role of Candida as a promoter of oral mucosal keratoses to carcinoma, and this has remained a highly controversial point to date (3) . Despite the proposed interaction between oral carriage of Candida and epithelial dysplasia, it remains unclear how increased amounts of Candida in the oral cavity influence the development or progression of epithelial dysplasia (4) . Recently, it has been shown that patients with epithelial dysplasia and oral squamous cell carcinoma harbor higher levels of Candida (5) .
The present study was carried out to identify correlations between oral carriage of Candida and oral epithelial dysplasia. The aims were; 1) to assess the presence and levels of Candida colonization in patients with oral mucosal lesions, 2) to assess the presence or absence of Candidal hyphae in biopsy specimens, 3) to correlate the degree of epithelial dysplasia with the number of colonyforming units of Candida.
Materials and Methods
Fifty patients diagnosed as having oral potentially malignant and malignant disorders were selected from among outpatients attending the Department of Oral Medicine and Radiology. Patients ranging from 18-75 years of age were included in the study. The study sample included 20 female and 30 male patients. These patients had oral mucosal lesions such as leukoplakia, lichen planus, lichenoid reaction, verrucous carcinoma and oral squamous cell carcinoma (Figs. 1-3 ). Exclusion criteria were use of systemic immunosuppressants (corticosteroids), antibiotics or antifungals; smoking; significant cognitive or physical impairment; anemia, diabetes or hyposalivation; and use of a removable dental prosthesis.
Ethical approval was obtained from the institutional review board (509/09-10, 2009) and the study was conducted from May 2010 to May 2011. The demographic data, habits and lesion details were entered in a preformed proforma. Patients were informed regarding the nature of the study and the procedures included, and informed consent was obtained. An oral swish with 10 mL of normal saline was performed for each patient, and this was collected in a sterile plastic container. This specimen was sent to the laboratory for assessment of candidal colony-forming units. This was followed by an incision or excision biopsy of the lesion and nonabsorbable suture placement, and the biopsy sample was sent for histopathologic examination for the presence or absence of dysplasia and its severity and to assess the presence or absence of candidal hyphae. The patient was then given post-biopsy instructions, prescribed analgesics and antibiotics, and recalled after 1 week for suture removal.
Results
The results of the present study revealed a correlation between higher colonization of Candida and increasing severity of dysplasia. On hematoxylin and eosin staining, the prevalence of various grades of dysplasia among the study subjects was as follows (Table 1 ): in patients with lichenoid reaction, dysplastic and mildly dysplastic lesions were almost equally distributed; the majority of patients with lichen planus had no dysplasia, while a few had mild dysplasia; in the homogenous leukoplakia group, many had no dysplasia, a few had mild dysplasia and one case had moderate dysplasia; among the patients with non-homogenous leukoplakia, an equal number of patients had mild and moderate dysplasia; and the one patient with verrucous hyperplasia had no dysplasia. The difference between the grades of dysplasia among the various groups of oral mucosal lesions was statistically significant (P = 0.00). Table 2 depicts the Periodic acid schiff (PAS) status of all the sections examined histologically. Among the patients without dysplasia, the majority were PASnegative, while a few were PAS-positive. Among patients with mild dysplasia, most specimens were PASpositive, while one was PAS-negative. Among patients with moderate dysplasia, and an equal number of cases were PAS-positive and -negative. Among patients with Grade I squamous cell carcinoma, PAS-positive cases were slightly more common than PAS-negative cases. Comparisons of PAS staining with various grades of dysplasia among the oral mucosal lesion groups showed statistically significant differences (P = 0.015). Table 3 reveals the growth of Candida in the cultured samples. Among the cases with no dysplasia, the majority were negative for Candida. Of cases of mild dysplasia, a slightly higher number of samples showed growth of Candida in culture media. Among the cases of moderate dysplasia, the majority were positive for Candida. Of the cases of Grade I squamous cell carcinomas, all cases but one were positive. Comparisons between fungal culture status with various grades of dysplasia among oral mucosal lesion groups showed statistically significant differences (P = 0.003). Table 4 shows the quantification of candidal growth in culture. Among the cases with no dysplasia, most showed no growth of Candida, a few had < 1,000 colonies and one had > 1,000 colonies. Of the cases of mild dysplasia, an equal number showed no growth and < 1,000 colonies, while some had > 1,000 colonies. Among the cases of moderate dysplasia, one showed no growth of Candida while few had < 1,000 colonies and few had > 1,000 colonies. Among the cases of Grade I squamous cell carcinoma, one showed no growth of Candida while an equal number had < 1,000 and > 1,000 colonies. Colonization levels with various grades of dysplasia among the various oral mucosal lesion groups showed significant differences (P = 0.013).
Discussion
The probable role of yeast in oral carcinogenesis remains the subject of considerable debate (6) . Studies in this field are fraught with difficulty as Candida organisms are commensals in the oral cavity; thus, establishing their role in carcinogenesis is challenging. In vitro and animal studies have suggested that Candida organisms catalyze the production of nitrosamine, which is considered to be carcinogenic. Previous studies by various investigators have demonstrated a significant correlation between epithelial dysplasia and fungal invasion, but the mechanisms responsible remain unclear (7).
The present study was conducted in order to determine the correlations between oral candidal colonization and epithelial dysplasia. The results of the present study confirm previous evidence on the association between oral epithelial dysplasia and the presence of yeast species (4) . Of the 21 patients with no detectable dysplasia, Candida was isolated from the oral cavity in 5 (23.8%).
The association of speckled leukoplakia with epithelial dysplasia or carcinoma has been confirmed by Pindborg et al. (8) . In the present study, moderate dysplasia was observed in 1 (6.7%) of 15 cases of homogenous leukoplakia, whereas 5 (62.5%) of 8 non-homogenous leukoplakia cases showed moderate epithelial dysplasia, which confirms previous reports. A similar result was obtained in another study, wherein an association between fungal infection and mild, moderate and severe dysplasia and hyperkeratosis was observed (9, 10) .
Candida was isolated in large numbers (> 1,000 cfu/ mL) from the oral cavity in only 9 (18%) patients in the present study; of these, six were PAS-positive for fungal hyphae. Of the 12 cases that were PAS-positive, 8 (66.7%) had moderate to severe dysplasia or grade I squamous cell carcinoma. The difference between the PAS positive and negative groups was statistically significant in the present study (P = 0.012). As the degree of dysplasia increased, a significant increase in PAS positivity was noted (P = 0.015). In the present study, 7 (87.5%) of eight non-homogenous leukoplakia cases were positive for fungal growth demonstrated by culturing. Leukoplakia with candidal infection has been shown to have a higher rate of malignant transformation than in those not infected with Candida (11). The findings of the present study show that cases with a higher degree of dysplasia had a higher frequency of isolation of candidal hyphae, which has also been reported previously; thus, PAS staining is recommended in lesions with epithelial dysplasia in order to manage such cases with anti-mycotics (12) .
The present study provides supporting evidence for the role of oral yeast in epithelial carcinogenesis, but it is also possible that the increased colonization and prevalence of Candida in these lesions is entirely coincidental and reflects an altered local environment that favors proliferation of these common oral commensals. In humans, oral mucosal keratoses infected with Candida organisms are frequently found, but it is clinically apparent that not all such lesions progress to cancer. A possible reason could be the differing capability of various strains to promote dysplasia (3) .
Despite the frequent implication of Candida in the causation of oropharyngeal cancer, the exact pathogenic mechanisms have not been clearly elucidated. The production of nitrosamines by Candida is a well-established fact, and other mechanisms, such as metabolism of ethanol to the carcinogenic acetaldehyde and induction of proinflammatory cytokines, have been explored (11) . Such findings of alternative mechanisms may spur renewed interest in this controversial topic of Candida as a carcinogen and pave the way for controlled clinical trials. One of the drawbacks of the current study is the small sample size, which can be improved upon in the future to establish stronger correlations.
An effort was made in the present study to correlate Candida by histologic and mycologic means with epithelial dysplasia. If such a correlation is strongly established in the future, then the importance of anti-mycotic therapy prior to any other treatment and the importance of oral hygiene maintenance can be emphasized.
